Objective: Individuals with HIV treated with antiretroviral therapy can expect to reach average life span, making them susceptible to combined disease and aging effects on cognitive and motor functions. Slowed processing speed in HIV is a concern for cognitive and everyday functioning and is sensitive to declines in aging. We hypothesized that information processing (IP) deficits, over and above that expected with normal aging, would occur in older HIV patients similar to those observed in Parkinson's disease (PD) patients, with both conditions affecting frontostriatal pathways. Method: Groups comprised 26 individuals with HIV infection, 29 with mild-to-moderate PD, and 21 healthy controls (C). Speed of IP was assessed with the oral version of the Symbol Digit Modalities Test and the color naming condition of the Golden Stroop Task. Results: The HIV group was impaired on speed of IP tasks compared with both the C and PD groups. Even after controlling for normal aging effects, older age in the HIV group correlated with IP slowing. Slower IP speed was associated with poorer general cognitive ability and more extrapyramidal motor signs in older HIV-infected individuals. Conclusions: The notable effects of impaired IP speed, over and above neurotypical age-related declines, indicate that older HIV-infected individuals may have an enhanced vulnerability for developing nonmotor and motor symptoms despite antiretroviral therapy. Assessing for oral IP speed may provide the unique opportunity to identify early signs of progressive clinical declines in HIV.
General Scientific Summary
The results of this study demonstrate a significant slowing of information processing (IP) speed in older HIV-infected individuals, even after accounting for normal age-related decline, as an index of cognitive and motor functions. Assessing for speed of IP may provide a unique opportunity to identify early signs of cognitive and motor compromise in those aging with HIV in the era of antiretroviral therapy (ART). Early detection of marked IP slowing may allow for speed of processing training interventions to address dementia and motor compromise in this vulnerable population of older individuals.
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In the age of combination antiretroviral therapy (cART), there is an increasing prevalence of older adult individuals living with HIV infection in the United States. In 2014, approximately 45% of individuals diagnosed with HIV infection in the United States were 50 years or older, with 27% aged 55 or older and 6% aged 65 or older (Centers for Disease Control and Prevention, 2015) . In fact, a 20-year-old undergoing highly active ART (HAART) can expect to live into their 70s, similar to the life expectancy of the general population (Samji et al., 2013) . However, with greater life expectancy comes age-related declines, increasing the susceptibility of combined effects of aging and HIV infection on cognitive and motor functions.
Despite the advent of HAART, cognitive impairments, specifically HIV-associated neurocognitive disorder, commonly occur and continue to affect approximately 15-55% of HIV-infected individuals engaging in ART (Clifford & Ances, 2013; Heaton et al., 2011; Sacktor, 2018; Sacktor et al., 2002 Sacktor et al., , 2016 . Cognitive impairments in individuals with HIV infection have been related to declines in motor-related functioning, such as psychomotor speed and speed of information processing (IP; Fellows, Byrd, & Morgello, 2014; Robinson-Papp et al., 2008; Sacktor et al., 2003) . Impairments in IP speed are of particular concern, as this domain has shown increased decline as a function of HIV disease duration in pre-HAART (Baldewicz et al., 2004; Becker et al., 1997; Heaton et al., 2011) and HAART eras (Fellows et al., 2014; Heaton et al., 2011) . Speed of IP is also sensitive to age-related decline in healthy adults (Baldewicz et al., 2004; Reger, Welsh, Razani, Martin, & Boone, 2002) . Older adults with HIV infection have been found to consistently perform worse on tasks of psychomotor speed and executive functioning compared with younger HIV-infected adults, and demonstrate high within-person variability in performance across domains associated with neurocognitive decline (Hinkin et al., 2004; Morgan et al., 2011; Wilkie et al., 2003) . The neuropsychological relevance of IP speed is that this cognitive domain can index decline with aging and may be of specific value for individuals now aging with HIV infection (Fellows et al., 2014) for endorsing speed of processing training interventions to counteract cognitive and motor decline shown to impact driving, mobility, and employment (Cody, Fazeli, & Vance, 2015; Vance, Fazeli, Ball, Slater, & Ross, 2014) .
Even though motor impairments with HIV infection have become less common since the introduction of cART (i.e., 50% precART as opposed to 35% postcART; Heaton et al., 2011) , the current aging HIV-infected population may be prone to developing age-related neurodegenerative diseases affecting motor systems (Tisch & Brew, 2009) . In fact, one study found extrapyramidal motor signs present in HIV individuals undergoing HAART, which were further exacerbated by aging . Recent results from a longitudinal multicenter study on neurocognitive functioning in over 5,000 individuals with HIV infection found that, among other domains, motor function was most susceptible to the progression of neurocognitive impairment as a result of aging in individuals with HIV (Goodkin et al., 2017) . Possible interactions between immunosenescence and viral loads in HIV may lead to increased risk of brain injury specific to HIV infection, functional brain network degradation, and variations in the nigrostriatal dopaminergic pathway (Jahanshad et al., 2012; Kumar, Ownby, Waldrop-Valverde, Fernandez, & Kumar, 2011; Pfefferbaum et al., 2012; Schulte, Müller-Oehring, Sullivan, & Pfefferbaum, 2012; Thomas, Brier, Snyder, Vaida, & Ances, 2013) . These vulnerable subcortical brain structures and pathways are similar to those affected in Parkinson's disease (PD), the second most common neurodegenerative disorder affecting more than 1% of individuals over 55 years of age and 3% over 75 years of age (Ascherio & Schwarzschild, 2016; Collier, Kanaan, & Kordower, 2017; de Lau& Breteler, 2006; Nichols et al., 2005; Tanner & Aston, 2000) . As with HIV infection, aging is a primary independent risk factor to developing parkinsonian symptoms (Tisch & Brew, 2009; Valcour et al., 2008) .
PD is characterized by the deterioration of dopaminergic neurons that project from the substantia nigra to basal ganglia-cortical loops (Swainson et al., 2000) . Decreased levels of dopamine in the substantia nigra, as well as the basal ganglia, putamen, and caudate have also been found in HIV, with significant associations between these brain regions and level of performance in measures of motor functioning and speed of IP (Kumar et al., 2011) . With these associations is mind, the combined effects of aging and HIV infection may affect frontostriatal circuitry similar to that observed in PD (Ipser et al., 2015; Morgan et al., 2011) . In patients with PD, IP speed has been identified as primary frontostriatal cognitive correlate, which may contribute to impairments in other cognitive domains (Price et al., 2016) . To test cognitive ability with minimal demands on motor function in PD, it has been recommended that tasks measuring IP speed be administered orally (Marras, Tröster, Kulisevsky, & Stebbins, 2014; Tröster & Browner, 2013) . The oral version of the Symbol Digit Modalities Test (SDMT) can be used to accurately assess IP speed in such populations (Sheridan et al., 2006; Smith, 1968 Smith, , 1982 . This document is copyrighted by the American Psychological Association or one of its allied publishers.
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This study examined speed of IP using two different measures (i.e., the oral SDMT and color naming condition of the Golden Stroop task) in older HIV-infected individuals compared with PD patients and healthy control subjects (C). We hypothesized: (a) speed of IP would be similarly impaired in HIV and PD compared with C; (b) HIV-infected individuals would show greater motor impairment than C, but not at the level of PD; and (c) the degree of impairment in speed of IP in clinical groups (HIV and PD) would be related to age and disease-specific variables. In particular, older age in HIV would add to functional decline over and above normal age effects on cognition and motor processes would be associated with slower IP speed.
Materials and Method

Participants
Participants included 26 individuals who were HIV seropositive, 29 individuals who met criteria for mild-to-moderate PD, and 21 C (Table 1) . Participants with HIV infection were recruited from community physicians and HIV treatment centers. Participants with PD were recruited through Bay Area PD events, the Michael J. Fox trial finder, and the Stanford University Departments of Neurology and Neurological Sciences (Brontë-Stewart and Poston labs). C subjects were recruited from the local community. All procedures were approved by the institutional review boards of SRI International and Stanford University. Written informed consent was obtained prior to participants' undergoing any study procedures. All participants were financially compensated for their time.
At the time of testing, all participants were at least 45 years of age and screened for dementia using the Dementia Rating Scale (DRS-2; Jurica, Leitten, & Mattis, 2004) . In reference to Springate, Tremont, Papandonatos, & Ott (2014) , we used the cutoff score of 136/144 for C. Although all three groups had average DRS-2 scores Ͼ136, the HIV group displayed lower DRS-2 scores than the C group (p ϭ .008), but did not differ from the PD group's general cognitive ability, while the PD group showed a trend for lower DRS-2 scores than the C group (p ϭ .06; analysis of covariance with age as covariate: F(2, 71) ϭ 3.89, p ϭ .025; p 2 ϭ 0.099; Table 2 ). A multivariate analysis of covariance (MAN-COVA) was used to test for group differences (HIV, PD-on, C) within the DRS-2 profile (attention, initiation/perseveration [I/P], construction, conceptualization, and memory [MEM]) while controlling for age (covariate). The multivariate result was significant for group differences (Pillai's trace, F(10, 136) ϭ 2.21, p ϭ .02, p 2 ϭ 0.14). The univariate F tests showed a significant group difference for I/P and MEM subscales, with pairwise comparisons indicating lower I/P scores in HIV than PD and C, and lower MEM scores in PD than HIV and C (see Table 2 ). All groups had I/P scores Ն36 and MEM scores of Ն23 and, thus, their performance was within normal limits compared with individuals with mild cognitive impairment or dementia (Springate et al., 2014) .
Participants were excluded if they had not completed at least 8 years of education or had a history of psychiatric (e.g., schizophrenia or bipolar disorder), neurological (other than PD), or medical conditions potentially affecting the central nervous system (CNS; e.g., stroke, diabetes) other than HIV, or MRI contraindications. Inclusion of PD patients was based on disease duration (Ն2 years) and motor improvement on-medication measured by the Movement Disorder Society-Unified Parkinson's Disease Rating Scale (MDS-UPDRS) Part III, as determined by a neurologist. Inclusion of HIV patients was based on a seropositive HIV test and at least 2 months of continuous ART. C subjects were excluded if they tested positive for HIV or hepatitis C virus, had an abnormal Tables 1 and 2 . Groups differed significantly in age and education. The PD group was older than the C and HIV groups, and the HIV group had a lower education level than both the C and PD groups. On average, the HIV group had significantly lower socioeconomic status (SES; i.e., higher scores indicate lower SES) than both C and PD groups. SES was determined using a two-factor scale that includes education and lifetime occupation (Hollingshead & Redlich, 1958) and can be considered a representative measure of the highest functioning achieved (Sassoon et al., 2007) . Disease duration was measured in years since diagnosis and was, on average, 23 years for the HIV group and 5 years for the PD group. For PD participants, first symptoms were reported to have occurred, on average, 8 years prior to study participation. For HIV participants, blood samples were collected to determine disease progression markers and confirm HIV status. All HIV subjects were on HAART and adhered to treatment. Of the 26 HIV subjects, 19 individuals (73%) reported at least one AIDS-defining event in their medical history, such as coccidiomycosis (disseminating or extrapulmonary; n ϭ 2); herpes simplex virus more than one month; herpes simplex chronic ulcers more than one month in duration (n ϭ 2); mycobacterium tuberculosis (n ϭ 2); Kaposi's sarcoma (n ϭ 1); pneumocystis carinii pneumonia (n ϭ 3); pneumonia, recurrent (n ϭ 1); wasting syndrome due to HIV (n ϭ 4); and CD4 blood cell count less than 200 cells/mm 3 (n ϭ 16) at any time since HIV infection (nadir CD4). At the time of testing, viral loads were undetectable in 17 HIV participants (81%; n ϭ 21 with viral load data), none had a CD4 count of cells/mm 3 Ͻ200 (n ϭ 24 with CD4 data), and the average CD4 T cell count was 695.2 cells/mm 3 (see Table 1 ). CD4 counts correlated with lower general cognitive ability (DRS-2 total raw score; ϭ .39, p ϭ .031), mainly driven by the relationship in the 'conceptualization' subtest of the DRS-2 ( ϭ .50, p corrected ϭ .03).
All participants underwent a neurological examination and clinical motor exam by a movement disorder specialist or trained Note. CI ϭ 95% confidence interval; CI d ϭ confidence interval for difference; DRS-2 ϭ Dementia Rating Scale-second edition (Jurica, Leitten, & Mattis, 2004) ; ATT ϭ attention; I/P ϭ initiation/perseveration; CTR ϭ construction; CPT ϭ conceptualization; MEM ϭ memory; SARA ϭ Scale for Assessment and Rating of Ataxia (Schmitz-Hübsch et al., 2006) ; UPDRS ϭ Unified Parkinson's Disease Rating Scale: Part I (mentation, nonmotor aspects of daily living), Part II (motor aspects of daily living), Part III (motor exam; Fahn & Elton, 1987) . a Analysis of covariance and multivariate analyses of covariance using age as covariate comparing HIV, Parkinson's disease (PD)-on, and healthy controls (C); pairwise comparisons with least significant difference adjustment for multiple comparisons. b PD showed fewer motor symptoms on than off dopaminergic medication for UPDRS-III, bradykinesia, and tremor (paired samples t tests).
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assistant at the Stanford Movement Disorders Center. The PD group exhibited more severe motor symptoms than both the HIV and C groups in the UPDRS Part III motor exam, bradykinesia, tremor, and ataxia (MANCOVA with age as covariate; Pillai's trace F(12, 132) ϭ 7.79, p Ͻ .0001, p 2 ϭ .415). The HIV group exhibited more bradykinesia symptoms than the C group (p ϭ .039). Regarding aspects of daily living, HIV had more difficulties in nonmotor aspects of daily living (UPDRS Part I) and less difficulties in motor aspects of daily living (UPDRS Part II) than PD (see Table 2 ). For PD participants, disease severity was determined using clinical motor exams while on and off dopaminergic medication. Fewer motor symptoms were observed on than off dopaminergic medication (UPDRS-III: t (28) Table 2 ). PD subject's medication involved a combination of MAO-B inhibitors, dopamine agonists, and/or levodopa. Levodopa equivalent daily dosage (LEDD) was calculated from the treatment regimen for each PD participant (Herzog et al., 2003; Lozano et al., 1995) and was, on average, 577 mg (100 -1,440 mg; see Table 1 ). More severe bradykinesia in the off-dopaminergic state was associated with longer disease duration ( ϭ .36, p ϭ .026) and higher LEDD ( ϭ .49, p ϭ .008; i.e., PD with more bradykinesia off medication received higher levodopa-equivalent daily doses).
Procedure
All participants were screened using the Structured Clinical Interview for DSM-IV (First, Spitzer, Gibbon, & Williams, 1998) and underwent motor testing (on and off dopaminergic medication for PD), a neurological examination with a trained clinician, and a neuropsychological battery including the DRS-2, the oral version of the SDMT, and the Golden Stroop (color naming condition). To reduce the influence of motor deficits on cognitive measures in PD (when off medication), we examined cognitive functions while PD participants were on dopaminergic medication.
Motor examination. The MDS-UPDRS (Fahn & Elton, 1987) rating scale is divided into three parts: Part 1 (Mentation subscale; nonmotor aspects of daily living), Part II (Daily Living subscale; motor aspects of daily living), and Part III (Motor subscale; motor exam). Participants were also administered the Scale for Assessment and Rating of Ataxia (SARA; Schmitz-Hübsch et al., 2006) to determine ataxic motor signs in HIV, PD, and older C participants. The SARA was originally developed for assessing autosomal dominant cerebellar ataxias, but has been shown to be useful in evaluating cerebellar ataxias overall (Yabe, Matsushima, Soma, Basri, & Sasaki, 2008) . The cerebellum contributes to pathological and compensatory mechanisms in PD (Wu & Hallett, 2013) and demonstrates a more rapid progressive brain atrophy (among other regions such as the caudate, pallidum, and frontal lobe) in older HIV patients (Ͼ60 years), compared with healthy aging counterparts, despite persistent viral suppression (Clifford et al., 2017) . Participants were scored on eight composite subscales: Gait, Stance, Sitting, Speech Disturbance, Finger Chase (dysmetria), Nose-Finger Test (tremor), Fast Alternating Hand Movement, and Heel-Shin Slide to obtain a semiquantitative scaled score (Marelli et al., 2012; Schmitz-Hübsch et al., 2006) .
Speed of IP. Speed of IP was measured using the oral SDMT and color naming condition of the Golden Stroop Test. Each assessment was administered and scored according to standardized instructions. All participants were administered the following:
(a) SDMT (Smith, 1968 (Smith, , 1982 . This measure of IP speed assesses divided attention, visual scanning, tracking, and motor speed and is sensitive to a number of psychiatric and neurologic conditions, including HIV (Applebaum et al., 2009; Sacktor et al., 1999; Sacktor et al., 2003) . The SDMT can be given in an oral format, which provides a verbal modality of processing speed (Larrabee, 2014) . The task consists of a sheet with boxes that are filled with symbols and empty boxes underneath these symbols. At the top of the test sheet, a legend of the nine symbols is provided in numerical order. The objective is to name the number that corresponds to the respective symbol. Study participants were given 90-s to orally indicate which number correctly matches each symbol. SDMT-oral scores are the sum of correct responses in 90 s (total score), ranging from 0 -129, as well as the sum of correct responses from each 15-s interval (subscores at 15, 30, 45, 60, 75, and 90 s; Sassoon et al., 2007) .
(b) Color naming: a condition of the Golden Stroop Task (Golden, 1978) . The Golden Stroop task assesses verbal speed of IP and inhibition from color-word interference. There are three timed subtests: word reading, color naming, and color-word interference. We utilized the total score from the color naming condition to assess the participants' speed of IP when naming the color of items (XXXX) printed in red, green, and blue ink on a sheet of paper. Each assessment was administered and scored according to standardized instructions. Similar to the SDMT, the color naming condition of the Golden Stroop task assesses verbal processing speed independent of individual motor ability or impairment. As such, it serves as a complementary measure for validating oral SDMT IP speed performance in HIV and PD.
Age-and education-corrected Z scores. For SDMT and the color naming condition of the Golden Stroop task, speed of IP scores were statistically corrected for age and education and standardized on the C group (mean and standard deviation for the C group: Z ϭ 0 Ϯ 1), allowing direct comparisons between groups and across tests. Lower Z scores always indicate worse performance.
Statistical analyses. For between-group differences, univariate and multivariate analyses of variance (ANOVA, MANOVA) were used. To examine whether HIV and PD patients differed from C in their speed of IP for the SDMT task, overall and throughout the time of the task, a repeated-measures ANOVA was used with SDMT time points (e.g., 15-s intervals) as the repeated-measures factor and the HIV, PD, and C groups as the between-subject factor. For significance of group effects, post hoc least significant differences (LSD) tests examined differences between group means. Paired samples t tests were used to examine mean differences in motor ability for PD patients on and off dopaminergic medication. For all correlation analyses, Spearman's correlation was used. Stepwise multiple regression analyses were used to identify the specific cognitive functions (as tested with the DRS-2 subscales) contributing to IP speed performance in the HIV, PD, and C groups. For all IP speed measures, standardized scores correcting for normal effects of aging and influences of education were used. An alpha level of p Ͻ .05, two-tailed was used for all statistical tests. For correlation analyses testing directional hypotheses regarding older age and disease severity, we used one-tailed significances. We further applied Holm's sequential Bonferroni procedure to correct for multiple comparisons (Holm, 1979 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Results
SDMT IP Speed
A repeated measures ANOVA with six SDMT time points (performance at 15, 30, 45, 60, 75, and 90 s) as the within-subjects factor and participant group (HIV, PD, C) as the between-subjects factor showed a significant main effect for group differences in SDMT IP speed (F(2, 71) ϭ 11.05, p Ͻ .0001; p 2 ϭ 0.237). Least significant difference (LSD) post hoc analyses revealed slower IP speed for HIV compared with PD and C, respectively (p Ͻ .0001), while PD and C did not differ from each other (see Table 2 (Figure 1 ). Follow-up testing on group differences for each time point (MANOVA; Pillai's trace F(12, 134) ϭ 2.68, p ϭ .003, p 2 ϭ .194) indicated no significant IP speed difference at the beginning of the task, but for the following time points (Table 3) . Here, HIV displayed slower IP speed than C and PD. PD did not differ from C (all ps Ͼ .2). Group differences in SDMT IP speed were confirmed when controlling for general cognitive ability using DRS-2 total scores as a covariate (group 
Color Naming IP Speed
Group differences were observed for color naming IP speed (F(2, 71) ϭ 4.592, p ϭ .013; p 2 ϭ 0.113), with post hoc LSD analyses showing lower scores for the HIV group compared with both the PD (p ϭ .018) and C groups (p ϭ .007), similar to results observed for speed of IP on the SDMT (see Table 3 ). Group differences were confirmed for color naming IP speed when controlling for general cognitive ability using DRS-2 total scores as a covariate (F(2, 70) ϭ 3.658, p ϭ .031; p 2 ϭ 0.095). Correlation between IP speed measures. The two IP speed measures, independently derived from two different tasks (e.g., the SDMT and the color naming condition of the Golden Stroop Test) were significantly correlated with each other in the clinical groups (HIV, ϭ .677, p Ͻ .0001; PD, ϭ .708, p Ͻ .0001) but not in the control group (C, ϭ .349, p ϭ .13; Figure 2 ).
IP Speed and Older Age in HIV
In testing for effects of aging in HIV, over and above normal effects of age, on IP speed by using standardized age-and education-corrected measures (Z scores), we found that older age in the HIV group significantly correlated with slower speed of IP at the beginning of the SDMT (Figure 3; i.e., 15-s interval; ϭ Ϫ.478, p corrected ϭ .048), but not significantly in the PD group (15-s interval: ϭ Ϫ.314, p corrected ϭ .19).
IP Speed and General Cognitive Ability
Cognitive ability (DRS-2 total raw score) was significantly related to processing speed in HIV (SDMT oral: ϭ .54, p corrected ϭ .01; Golden Stroop color naming: ϭ .46, p corrected ϭ .02). In PD, SDMT IP speed was not significantly correlated, but showed a trend, with DRS-2 scores (SDMT oral: ϭ .41, p corrected ϭ .06, but not Golden Stroop color naming: ϭ .12, ns), while in controls, IP speed and cognitive ability was not significantly related (SDMT oral: ϭ .41, p corrected ϭ 0.15; Golden Stroop color naming: ϭ .29, ns; Figure 4) .
In exploring the contribution of DRS-2 subscales to IP speed, a stepwise multiple regression for SDMT revealed that MEM (t ϭ 2.89) explained 27% of the IP speed variance in HIV (F(1, 23) ϭ 8.34, p ϭ .008, R 2 ϭ 0.27), while I/P, t ϭ 3.59, p ϭ .001 and attention (ATT), t ϭ 2.55, p ϭ .017 together explained 41% percent of the variance in PD (F(1, 25) ϭ 8.70, p ϭ .001, R 2 ϭ 0.41). We specifically explored these DRS-2 subscales' contributions for the 75-s SDMT time point, for which the HIV group showed marked poor performance, and found MEM (t ϭ 4.17) to be the sole predictor for the SDMT performance in HIV (F(1, 23) ϭ 17.37, p Ͻ .0001, R 2 ϭ 0.41). For color naming, by contrast, ATT, t ϭ 2.79, p ϭ .001 explained 25% percent of the IP speed variance in HIV F(1, 25(ϭ 13.64, p ϭ .01, R 2 ϭ 0.25). In PD, again I/P, t ϭ 3.89, p ϭ .001 and ATT, t ϭ 3.69, p ϭ .001 together explained 51% percent of the color naming IP speed variance (F(1, 25) ϭ 13.64, p ϭ .001, R 2 ϭ 0.51). DRS-2 subscale performance did not predict IP speed in C (all regression models, ns). Figure 1 . Symbol Digit Modalities Test (SDMT) information processing (IP) speed: line graph displaying age-and education-corrected Z scores for SDMT performance in 15-s intervals for all groups (Smith, 1968 (Smith, , 1982 . This document is copyrighted by the American Psychological Association or one of its allied publishers.
IP Speed and Motor Ability
Motor exam. In HIV, slower oral IP speed correlated with higher UDPRS-III motor scores (SDMT ϭ Ϫ.41, p corrected ϭ .042; color naming ϭ Ϫ.41, p corrected ϭ .042; 1-tailed), similar to the relationship observed in the PD group (PD: SDMT ϭ Ϫ.34, p corrected ϭ .035; color naming ϭ Ϫ.50, p corrected ϭ .006; but not in C: SDMT ϭ Ϫ.34, ns; color naming ϭ Ϫ.00, ns).
Bradykinesia. In HIV, slower oral IP speed correlated with more severe bradykinesia (SDMT ϭ Ϫ.41, p corrected ϭ .046; color naming ϭ Ϫ.39, p corrected ϭ .046), a relationship also observed in the PD group (SDMT ϭ Ϫ.386, p corrected ϭ .036; color naming ϭ Ϫ.393, p corrected ϭ .036) but not in C (SDMT ϭ Ϫ.21, ns; color naming ϭ .02, ns; Figure 5 ).
Tremor. IP speed measures were not related to tremor severity (HIV: SDMT ϭ .05, ns; color naming ϭ Ϫ.14, ns; PD: SDMT ϭ Ϫ.04, ns; color naming ϭ Ϫ.22, ns; C: SDMT ϭ Ϫ.31, ns; color naming ϭ Ϫ.08, ns). Ataxia. Slower color naming IP speed was correlated with higher SARA scores in HIV (color naming ϭ Ϫ.57, p corrected ϭ .004; SDMT ϭ Ϫ.32, p corrected ϭ .062), and in PD (SDMT ϭ Ϫ.38, p corrected ϭ .023; color naming ϭ Ϫ.42, p corrected ϭ .022). In C, slower SDMT IP speed correlated with Note. IP ϭ information processing; HIV ϭ HIV infection; PD ϭ Parkinson's disease; C ϭ controls; CI ϭ 95% confidence interval; CI d ϭ confidence interval for difference; SDMT ϭ Symbol Digit Modalities Test (Smith, 1968 (Smith, , 1982 ; Color naming (Golden, 1978) . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ataxia (SDMT ϭ Ϫ.47, p corrected ϭ .036; color naming ϭ Ϫ.15, ns). Motor ability and age. In C, older age was associated with more tremor ( ϭ .56, p corrected ϭ .016). In HIV, the relationship with age was modest for tremor ( ϭ .45, p corrected ϭ .052) and ataxia ( ϭ .41, p corrected ϭ .063). No such associations were observed in PD (all ps Ͼ .05).
Discussion
Although the development of HAART has provided the benefit of increased life expectancy in aging populations with HIV infection, the consequences of this virus still produces detectable cognitive and physical sequelae (Heaton et al., 2011; Morgan et al., 2011) . The added risk of neurological and psychological vulnerabilities to collective effects of aging and HIV infection still remains unclear. Our data partly support the findings of others suggesting an increased risk for individuals with HIV infection to develop cognitive and motor deficits as they reach middle and older ages (Brew, Crowe, Landay, Cysique, & Guillemin, 2009 ). This study highlights the gap in our understanding of the long-term effects of aging with HIV infection and how it compares with age-related neurodegenerative diseases. Here, we examined older HIV adults, ranging between 47 and 71 years of age, who have lived with HIV infection for, on average, 23 years (range 3-40 years).
Research on IP speed has primarily assessed psychomotor speed through tasks, which include a motor component. We used the oral version of the SDMT to eliminate hand and arm motor involvement, consistent with guidelines for cognitive assessment in PD Figure 3 . Information processing (IP) speed and age. Scatterplots displaying significant correlations between age (years) and age-and education-corrected Z scores for Symbol Digit Modalities Test (SDMT) performance at the outset of the task (i.e., 15-s interval) in HIV-infected individuals, patients with Parkinson's disease (PD), and healthy controls (C), testing the directional hypothesis of poorer performance with older age, over and above normal aging effects (corrected for multiple comparisons, p corr ). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. (Marras et al., 2014; Tröster & Browner, 2013) . IP speed in our sample of older HIV-infected participants was impaired relative to older C and individuals with PD. Although all three groups (HIV, PD, C) started out with comparable performance levels, only the HIV group performance dropped considerably within 30 s of the task. Furthermore, IP speed in the HIV group remained impaired with considerable variation over the test duration. Impaired IP speed in HIV relative to C and PD was validated by significantly slower performance in color naming, a subtest of the Golden Stroop Test. HIV and PD groups displayed positive correlations This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
between the two oral IP speed measures, the SDMT and the color naming subtest, validating that both assessed IP speed in clinical samples and IP speed impairment in HIV. Our oral IP speed measures provided some indication for additional aging effects in our older HIV subject sample. After correction for normal age and education effects, older age was associated with slower IP speed at the beginning of the SDMT task (i.e., the 15-s interval) in the HIV group. Slower IP speed in HIV was further associated with general cognitive compromise, as indicated by lower DRS-2 scores, and also motor control, as indicated by higher UDPRS-III motor and bradykinesia scores. Moreover, associations were found among biological immune system markers (CD4 counts) and general cognitive ability. These findings are in agreement with findings from prior studies (Baldewicz et al., 2004; Becker et al., 1997; Heaton et al., 2011; Hinkin et al., 2004; Reger et al., 2002) and support the idea that augmented IP slowing can mark cognitive decline in older HIVinfected individuals.
HIV also showed marked fluctuations in SDMT performance (e.g., the 75-s interval). We found that attention and memory ability can, in part, explain the overall slowed IP speed in HIV and memory, in particular, the SDMT fluctuations. Other contributing factors, that were not tested in this study, might include subclinical electrical dysregulation, fluctuations in arousal and task focus related to impaired nighttime sleep, and abnormal susceptibility to distraction from internal or external stimuli. Thus, the IP impairment is at least exacerbated by influences that can vary across time, which may be important to our understanding of the neuropsychological presentation of chronic HIV. As adequate processing speed is fundamental to normal cognitive functioning, significant IP slowing and fluctuation could be an indicator for emerging deficits in a wide variety of cognitive domains including attention, memory, executive function, or even comprehension of complex grammatical language as it requires extra processing time, both in formal testing and in real-world situations.
In the era of HAART, HIV infection has evidenced the development of parkinsonism (Devine, Herrin, Warnack, & Dubey, 2018; Tisch & Brew, 2009) , with symptoms worsening with older age . In our study, all groups differed on all three parts of the MDS-UPDRS. Both HIV and PD groups reported more problems for nonmotor aspects of daily living (Part I) than control subjects; the HIV group reported some difficulties with motor aspects of daily living (Part II) although to a lesser extent than the PD group. Motor symptoms are key features of PD (Jankovic, 2008) . Accordingly, the PD group in our study experienced more severe symptoms as evidenced in the motor exam (Part III) than the HIV and C groups. As expected, motor symptom severity in the PD group was less pronounced in the on-compared with the off-dopaminergic state showing better ability on the UPDRS-III motor exam, less bradykinesia, and less severe tremor. Here, the individual levodopa-equivalent daily dose was directly related to bradykinesia severity off medication.
Although this study could not investigate dopaminergic involvement for motor signs in our HIV-infected individuals, it has been reasoned that possible interactions between immunosenescence and viral loads in HIV can augment the risks of HIV-related brain degeneration, deteriorating functional neural connectivity, and nigrostriatal dopaminergic pathway dysfunction (Jahanshad et al., 2012; Kumar et al., 2011; Pfefferbaum et al., 2012; Schulte et al., 2012; Thomas et al., 2013) , with similar motor characteristics exhibited in PD progression. More extrapyramidal symptoms were observed in HIV than controls, in particular bradykinesia, a main characteristic in PD (Jankovic, 2008) . This is consistent with previous findings by Valcour et al. (2008) showing that bradykinesia and postural/action tremor were most strongly associated with aging in HIV. Thus, our findings partially support the notion that individuals aging with HIV infection may have an increasing likelihood, even with HAART and largely effective viral suppression, to develop parkinsonian symptoms similar to those observed in neurodegenerative diseases . Furthermore, in both clinical groups, standardized oral IP speed measures were associated with UPDRS-III motor symptoms and bradykinesia. Together, the notable effects of impaired speed of IP, over and above neurotypical age-related declines, indicate that older HIVinfected individuals may have an enhanced vulnerability for developing nonmotor and motor symptoms despite ART. However, longitudinal studies are warranted to confirm these speculations.
Our findings on impaired IP speed in aging HIV-infected individuals need to be interpreted in light of limitations, such as sample size and the cross-sectional nature of the study. The moderate sample size of our subgroups may have obscured significant findings on the relationship between disease history (e.g., immune system markers), aging, clinical motor signs, and processing speed. Although moderately significant associations were observed among these variables, the degree to which they mark disease trajectories in relation to immune status and increase cognitive and motor system vulnerability in those aging with HIV infection in the era of ART awaits longitudinal study.
In conclusion, the current study demonstrated impaired IP speed and signs for cognitive and motor functional vulnerabilities in older individuals with HIV infection, over and above that explained by normal age-related slowing. Poorer performance on speed of IP in older HIV-infected individuals was shown in two separate tasks, but not observed in the PD. Furthermore, IP impairment was correlated with poorer current overall cognitive ability, even after accounting for normal age effects on IP speed, and with extrapyramidal signs in the HIV group. Overlapping age-related and disease-specific patterns in HIV-infected individuals can have clinical implications related to cognitive ability and motor functioning. Assessing for oral IP speed may provide the unique opportunity to identify early signs of functional compromise in HIV despite ART. Earlier detection of IP slowing may inform further diagnostic and treatment recommendations such as speed of IP training in this vulnerable population of older HIVinfected individuals.
